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Bird communication: Two voices are better than one
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How do emperor penguins find their mates on a
featureless ice flow, packed at densities of ten animals
per square meter? A recent study has revealed how use
of their ‘two-voice’ calls enables emperor penguins to
locate their mates and chicks under some of nature’s
most extreme conditions.
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Imagine emerging from freezing Antarctic waters into
–40°C air temperatures and 300 kilometer per hour winds,
and trying to find your mate and offspring on a featureless
ice flow, among thousands of members of the same
species packed at densities of ten animals per square
meter? If this sounds like a Mission Impossible task, it is
not for the emperor penguin (Aptenodytes forteri; Figure 1).
A recent study by Aubin et al. [1] has revealed how
emperor penguins locate their mates and chicks under the
extreme Antarctic conditions, while at the same time
shedding new light on the functional significance of the
enigmatic ‘two-voice’ phenomenon of bird vocalizations.
The ‘two-voice’ phenomenon, a term coined by Greenwalt
[2], refers to birds’ ability to produce two sounds, either
independently or simultaneously, from their syrinx, the
avian vocal organ. The use of ‘two voices’ was first docu-
mented in the song of the brown thrasher [3] (Toxostoma
rufum) and has been actively investigated for the past
30 years. What had been lacking, however, was a func-
tional link between the two-voice phenomenon and a dis-
cernable fitness outcome for the animals emitting or
detecting ‘two-voice’ vocalizations. This has now changed
with the recent work of Aubin et al. [1] on emperor
penguin communication.
Songbirds have been the primary study species for
investigating the two-voice phenomenon in birds. Aubin
et al. [1] note that extensive research has examined
relevant aspects of avian syringeal anatomy [4–6] and
physiology [7–9], including the central and peripheral loci
of syringeal control, as well as the acoustic characteristics
of vocalizations produced, in both normal and experimen-
tally manipulated birds, either from interaction of the two
sides of the syrinx or from single sides individually
[2,10–12]. Despite the vast scope of knowledge that has
been accumulated concerning the songbird syrinx and of
its ability to produce two sounds or ‘voices’ independently,
a link between the two-voice phenomenon and a known
function has been conspicuously absent.
This gap in our understanding is not for lack of
experimentation [13], but as Aubin et al. [1] suggest, it is
more likely due to the intractability of the songbird
system. Songbirds may produce vocalizations using only
one side of their syrinx, or both sides simultaneously [9],
depending on the vocalization and the species. Because of
this variability, whether or not a given songbird will use
‘two-voices’ in a given vocalization is unpredictable. In
contrast, emperor penguins typically use both sides of
their syrinx simultaneously and therefore frequently
produce vocalizations using ‘two-voices’. This observation
led Aubin et al. [1] to select the emperor penguin as their
model to investigate the function and adaptive signifi-
cance of the ‘two-voice’ phenomenon.
Emperor penguins are the only animals that breed during
the Antarctic winter, and so have to contend with some of
nature’s most extreme weather conditions. Yet it is the
penguin’s unique adaptations to their harsh living condi-
tions that make them well suited to investigation of the
two-voice phenomenon. Emperor penguin breeding
grounds are located on sea ice, where literally thousands of
penguins carry first a single egg, then a single hatchling,
on their feet until it reaches independence. In order to
avoid succumbing to the brutal combination of wind and
cold temperatures, brooding emperor penguins gather
together at densities of ten animals per square meter in an
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In their element: emperor penguins mate and brood their young on
barren sea ice during the Antarctic winter, the only animal to do so.
effort to conserve body heat [14]. But how do they recog-
nize and locate their mate and young amidst thousands of
penguins in a seemingly featureless environment? Visual
landmarks seemed unlikely to play a significant role in
mate-recognition. An alternative, overcoming the lack of
visual cues, would be to recognise individual display calls
by the use of ‘two voices’, coupled with counter-calling
and approach as a means to identifying and locating one’s
mate, parent or chick.
Bioacoustic analyses of emperor penguin display calls
revealed several characteristics that made them a prime
candidate for use as individual recognition signals, and
potentially an ideal model system for studying the func-
tional or adaptive significance of the ‘two-voice’ phenome-
non. One is that the display calls consist of a series of
syllables that have a complex spectral structure [15,16]
and so potentially contain acoustic cues that may be used
for individual recognition. That is, each single syllable is
composed of several frequency bands, so that it sounds
‘rich’ to a human listener. The acoustic structure of these
complex calls is in contrast to those of many common bird
songs, such as that of the white-throated sparrow (Zontrichia
albicollis). In the latter case, each single syllable is com-
posed of one main frequency band, which to a human lis-
tener would sound ‘thin’. 
Another important characteristic of emperor penguin
display calls is that they are highly stereotyped within indi-
viduals, while remaining highly variable across individuals,
making individual recognition possible from the temporal
patterning of the calls alone [15–17]. In fact, prior playback
experiments had found that altering the temporal structure
of calls completely abolished individual call recognition
[15,17]. Lastly, emperor penguin calls consist of two series
of harmonically related frequency bands, produced simul-
taneously by each side of the syrinx with slightly different
fundamental frequencies, resulting in a two-voice call that
produces audible ‘beats’ [18]. Aubin et al. [1] reasoned that
individual display calls could function as a recognition cue,
allowing mates and young to be located in large brooding
groups, and that the two-voice phenomenon may play a
key role in individual recognition.
To test their hypotheses, Aubin et al. [1] designed a series
of clever playback experiments to test penguins’ behav-
iour in response to various playback signals. When pre-
sented with unaltered (control) calls of either mate or
parent, each adult and each young called in response. This
showed that penguins can recognize their mates’ and
parents’ call broadcast through a loudspeaker. Individual
penguins, Aubin et al. [1] concluded, could use their
mates’ or parents’ display calls as an individual recognition
cue. Unfortunately, the upper frequency bands of control
calls were too close in frequency to allow for the acoustic
manipulation necessary to remove one of the voices and
test for a two-voice function in individual recognition. The
lower frequency bands, however, were spaced sufficiently
to allow for manipulation (removal) of one of the two
‘voices’. Therefore, a second playback test was performed
using only the lower frequency components as stimuli. 
When presented with the lower frequency component of
the calls alone, a response (calling) was induced in each of
the chicks and in all but two of the adults. However,
Aubin et al. [1] noted that, qualitatively, the response by
the adults to the lower half of the calls presented alone
was not as strong as the response to the control calls. In
the final test, where Aubin et al. [1] presented calls with
one of the two lower frequency ‘voices’ removed, none of
the adults nor any of the chicks responded. Clearly,
although emperor penguins can recognize calls with only
the lower frequency components, the acoustic contribu-
tion from two voices is required for call recognition.
In addition to their playback experiments, Aubin et al. [1]
conducted call-propagation experiments to determine the
effects of sound degradation as a call travels through the
penguin’s environment. In order to increase the precision
of their measurements, they opted to test the propagation
of a synthesized call with known acoustic parameters. The
synthetic call was broadcast through the colony and
recorded at different distances from the speaker after
having traveled through differing densities of penguin
bodies. Aubin et al. [1] analyzed the recorded calls and
compared the amount of degradation in both the ampli-
tude modulation of the beats produced by the ‘two-voices’
and the true amplitude modulation of the call itself.
Remarkably they found that, although the true amplitude
modulation of the call was severely compromised by prop-
agation through the colony, the amplitude modulation
produced by the beats remained largely unchanged over
distances that penguins normally call in the wild. Thus,
emperor penguin calls are not only excellent individual
recognition signals, but they are well suited for the envi-
ronment in which they are used.
More than 50 years after the first report of the ‘two-voice’
phenomenon in birds, the results of Aubin et al.’s [1]
experiments offer a functional explanation for this
phenomenon. The beats produced by the interaction of
the offset fundamental frequencies and harmonics result
in what Aubin et al. [1] describe as a ‘confirmatory identifi-
cation code’ which emperor penguins can use, in addition
to the temporal patterning of call syllables, to identify
individuals unambiguously. Though the generality of this
finding remains to be tested empirically in other species,
Aubin et al. [1] describe both a function — mate/chick
recognition and location — and an adaptive value — signal
propagation through a noisy and crowded environment —
for the ‘two voices’ of emperor penguin display calls. It is
important to note that Aubin et al. [1] flew in the face of
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the current scientific zeitgeist by choosing a species of
penguin, and not a species of songbird, as their animal
model. In doing so, they remind us of the importance of
selecting the best species to address our research ques-
tions, and not simply going with the floe.
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